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The tick virome. Overall, 16 complete viral genomes were identified within the tick data set 135 collected here using a series of BLAST searches based on protein sequence similarity. An 136 additional four partial viral genomes were also identified. Of these 20 complete or partial 137 genomes, 19 contained previously undescribed viruses, although all fell within known viral 138 families or orders, specifically: Mononegavirales, Orthomyxoviridae, Picornaviridae, 139 Flaviviridae, Narnaviridae, Luteoviridae, Virgaviridae, Reoviridae, Phenuiviridae, and 140 Partitiviridae. All viruses identified across the 11 libraries were RNA viruses with no DNA 141 intermediate, but the full diversity of RNA virus genome structures was represented; that is, 142 positive-sense single-stranded RNA (+ssRNA), negative-sense single-stranded RNA (-143 ssRNA), and double-stranded RNA (dsRNA), segmented, and non-segmented. It is unlikely 144 that any of these viruses are endogenous viral elements present within the tick genome as 145 they were identified by ORFs unbroken by stop codons and none showed nucleotide 146 sequence similarity to tick gene sequences within the NCBI BLAST database. 147 148 The housekeeping gene COX1 was used to measure the abundance of the invertebrate (i.e. 149 likely host) transcripts in each library. Accordingly, COX1 abundance ranged from 0.15% to 150 1.1% of the total number of reads (from which rRNA was already excluded; Fig. 2 ). We also 151 calculated the proportion of virus reads as a fraction of total reads. This revealed that while 152 the number of viral reads in each library ranged from 47 to 268,775 (0.00017% to 0.29% of 153 the number of non-ribosomal reads within a library), it was not related to the abundance of 154 host genes (Fig. 2) . However, the number of virus species in each library, which varied from 155 one to six, appears to be associated with the percentage abundance of virus reads (Fig. 2) . 156 157 Viruses from the unclassified Chuvirus group (-ssRNA) and the Picornaviridae (+ssRNA) 158 were the most abundant, while viruses from the Flaviviridae (+ssRNA) were the least 159 abundant. In libraries containing multiple viruses, the abundance of each species varied 160 substantially. For example, in Library 1, Sydney tick mononega-like virus 1 represented 8 54% of the total number of virus reads, while Sydney tick mononega-like virus 4 162 represented only 0.9% of the total virus reads in that library (Fig. 3) . 163 
164
The evolutionary history of each novel virus was investigated using phylogenetic analysis. In 165 particular, this analysis was used to infer further information about the likely host of each 166 virus as well the relationship of each virus to previously characterized viruses. The 19 novel 167 viruses described here showed varying degrees of similarity to those previously identified. (Table 2) . Despite this, enough 176 of the viral genome was assembled to perform robust phylogenetic analysis, which 177 revealed that these viruses were closely related to rodent hepacivirus and Norway rat 178 pestivirus, respectively ( Fig. 4 ). Their relatively close evolutionary relationship to other 179 rodent associated viruses gives additional support to the idea that these viruses are 180 associated with the blood meal contained within the engorged ticks and may not be 181 infecting (i.e. replicating in) the ticks themselves. Notably, Sydney pesti-like virus 1 was 182 identified in I. trichosuri ticks that had fed on long-nosed bandicoots (a marsupial) and 183 native bush rats (Table 1) . Similarly, Sydney hepaci-like virus 1 was found in I. holocyclus 184 collected from long-nosed bandicoots ( Table 1) . 185 186 In contrast, all the remaining +ssRNA viruses identified were closely related to arthropod-187 associated viruses. Sydney tick virga-like virus 1 fell within the virga-like virus cluster and was most closely related to a virus found in spiders from China ( Figure 4) Viruses showing similarity to the Narna-like virus family were only identified in ticks 206 collected in southern NSW (Timbillica), and all three species were extremely divergent from 207 those viruses described previously. Amino acid sequence similarity to the most closely 208 related virus species ranged between 24 and 32% for these three viruses across the RdRp The previously identified I. holocyclus iflavirus (28), found in I. holocyclus using a viral RNA 216 isolation method, was present in five libraries (libraries 4-8). This is the only previously 217 described virus found in any of the 11 data sets generated here. This virus was only 218 identified in I. holocyclus collected in the Sydney region. Finally, it is important to note that no reads matching the bacterium B. burgdorferi s.l. were 294 identified in any of the BLAST searches of the RNA-Seq data generated here. 297 We present the first metagenomic description of the viruses present in Australian ticks. 298 Analysis of the transcriptomes of 146 ticks collected from two locations on the NSW coast 299 revealed the capacity of these ticks to harbor a wide diversity of novel viruses. Previous The abundance of the mitochondrial COX1 gene was not uniform across all libraries, 314 although this is expected due to such factors as variation in the number of ticks included in 315 each library, the size of each individual tick, and the extent to which the tick was engorged. 316 It may also reflect the differing abundance of bacterial and fungal genetic material in the 317 library. Importantly, however, the libraries were constructed based on the tick's collection 318 location, species, host, and the amount of RNA extracted from that tick, so that 319 approximately equal amounts of RNA from each tick were included within a library. 327 Coltiviruses have also been isolated from rodents and bats, as well as the ticks that act as 328 transmission vectors (30, 31). It is therefore possible that Sydney tick colti-like virus 1 is 329 infecting the long-nosed bandicoots that acted as a distinct mammalian host, and may 330 have the potential to cause zoonotic disease. This would obviously be of considerable 331 concern given the close proximity of dense urban development to the national park in 332 which these long-nosed bandicoots are found in Sydney. A systematic screening in long-333 nosed bandicoots and other mammalian species, as well as in human cases of tick-borne 334 disease in Australia, is therefore warranted. 335 336 We also identified two novel viruses belonging to the Flaviviridae that clustered closely with 337 rodent-associated viruses. This phylogenetic position, in combination with the extremely 338 low abundance of these viruses, suggests that they were in fact derived from the tick's 339 vertebrate host, and were present in the blood contained in the engorged tick rather than 340 being from the tick itself although this will need additional verification. In sum, using a powerful meta-transcriptomics approach we identified 19 novel and 364 sometimes divergent viruses within ticks collected in the central east coast of Australia, one 365 of which is related to those already known to cause human disease. It is therefore clear that 366 there is a great diversity of viruses in Australian wildlife that are yet to be discovered and as 367 contact between urban areas and native wildlife increases, it is possible that some of these 368 may pose a risk to public health and hence require careful monitoring. Assembly and analysis. Sequencing reads were trimmed for quality using trimmomatic 404 and de novo assembled using Trinity (v.2.1.1) (38). The assembled contigs were subjected 405 to BLAST searches against the NCBI nr protein database using diamond (v.0.9.10) (39) and 406 contigs with significant sequence similarity to viral proteins were selected. Significant 407 sequence similarity was determined by an e-value of less than 1e -20 , contig length of more 408 than 500 nucleotides, and an amino acid alignment length of more than 100 characters. 409 Sequences were searched for predicted ORFs using the ExPASy Translate tool 
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DISCUSSION
